Our purpouse was to identify quantitatively and qualitatively the subgingival flora in different gestational trimesters, compared to non-pregnant women; evaluating the correlations between epidemiological characteristics, clinical diagnosis, microbiological findings and levels of estradiol and progesterone. 52 pregnant women divided into 3 groups, according to the gestational trimester and 15 non-pregnant patients, without hormonal contraceptives, were evaluated. plaque index (pi), gingival index (GI), probing depth (PD) and clinical attachment level (CAL) were evaluated. Subgingival biofilm samples were processed by the qpcR technique and the serum levels of estradiol and progesterone quantified by chemiluminescence. Clinical diagnosis during gestation was correlated with the total bacterial count. A higher prevalence of Tannerella forsythia (Tf) was identified in first trimester of pregnancy and this periodontopathogen was correlated with the diagnosis of gingivitis among pregnant women. Porphyromonas gingivalis (Pg) showed a positive correlation with progesterone levels in the first trimester. High prevalence of periodontopathogens was noticed in this population. clinical diagnosis in gestation was positively correlated with the total amount of bacteria, without influence of the hormonal levels or the epidemiological factors evaluated. the presence of Tf favored occurrence of gingivitis during pregnancy and the progesterone levels in the first trimester enhanced the growth of Pg.
estrogens, which increase the blood supply to the gingival tissue with a consequent exacerbation of the inflammatory response. In addition, suppression of the immune system, quantitative and qualitative alterations of the supra and subgingival flora, and phenotypic alterations of the gingiva are also indicated 4, 6, 10, 11 . On the other hand, it has been documented that inadequate control of oral biofilms, which is associated with the evolutionary characteristics of biofilms, has a tremendous impact on the progression of oral diseases 12, 13 During biofilm development initially glycoproteins and salivary antibodies create a conditioning film on the dental surface that allows the selective adhesion of the initial colonizing bacteria of the Streptococcus group (S. oralis, S. sanguis, S. mitis and S. gordonii) 14 . Six microbial complexes that progressively settle in the subgingival biofilm during the natural history of periodontal disease evolution were described 12, 13 . After the establishment of the gingivitis, it was documented that the species of red (Porphyromonas gingivalis, Tannerella forsythia and Treponema denticola) and orange complexes are more prevalent and found in greater number 15 . It was observed that Porphyromonas gingivalis is one of the main etiological agents of chronic periodontitis [16] [17] [18] , while Aggregatibacter actinomycetemcomitans was present in aggressive periodontitis in 72% of cases 19 .
The purpose of the present study is to investigate clinical periodontal conditions, subgingival biofilm and hormone levels of pregnant women at different trimesters of pregnancy. The null hypothesis of this study was that hormone levels at different trimesters of pregnancy did not affect the periodontal profile and subgingival biofilm.
Methods
We performed a cross-sectional case control study, with a convenience sample, where sixty-seven women from the Gynecology and Prenatal outpatient clinics of the SUS in Cuiabá, MT, Brazil, were evaluated between February and August 2017.
Inclusion criteria were defined as healthy women between the age of 18 and 35 years with normal singleton pregnancy confirmed by ultrasonography at time of sampling. The control group consisted of healthy non-pregnant patients in the same age group with regular menstrual cycles who did not use a hormonal contraceptive method in the 3 months prior to the study.
Exclusion criteria included: 1) high-risk pregnancies according to the criteria of the Brazil Health Ministry and those of the National Institutes Of Health (NIH), covering pregnant women with comorbidities, obesity, multiple gestations and women who were very young (<15 years old) or much older (>35 years old) (14, 15) ; 2) use of systemic antibiotics in the last four weeks; 3) users of corticosteroids and heparin; and 4) patients with a limited oral opening. Patients under 18 years old were also excluded because they required authorization from third parties to engage in the project.
Each group had different patients. Pregnant women were divided into 3 groups according to gestational age, as listed below. Non-pregnant women were allocated in the fourth group: Group 1 (n = 16) -first trimester of gestation (up to 98 days); Group 2 (n = 21) -second trimester of gestation (between 99 and 196 days); Group 3 (n = 15) -third trimester of gestation (from 197 days); Group 4 (n = 15) -non-pregnant women (control group). All patients were interviewed, then underwent periodontal clinical examination and blood collection for hormonal assessment only once.
A questionnaire was used to collect socioeconomic, obstetric and gynecological data. The study population underwent the application of a Brazilian socioeconomic questionnaire (Brazilian Association of Research Firms) that classify the population into six strata (A = US $ 6480.00, B1 = US $ 4280.00, B2 = US $ 2780.00, C1 = US $ 1420, 00, C2 US $ 780.00, D = US $ 465.00, E = US $ 205.00).
The periodontal examination was performed with the help of a clinical mirror (SSWhite Duflex ® , Rio de Janeiro, RJ, Brazil) and a Williams-type periodontal probe (Hu-Friedy ® Mfg Co Inc. Chicago, IL, USA), with measurements reported in millimeters.
The clinical measurements analyzed included visible plaque index (PI), gingival bleeding index (GI), probing depth (PD) and clinical attachment level (CAL) which were evaluated for all teeth in the oral cavity. The PI is a dichotomous parameter that considers the presence or absence of visible biofilm on all faces of the teeth, evaluating the patient's plaque control ability. The GI evaluation occurred after the insertion of a periodontal probe (marked in millimeters) approximately 0.5 mm inside the gingival sulcus, crossing through the buccal and palatal surfaces, waiting 30 seconds to verify the occurrence of bleeding in the marginal gingiva 20 .
For PD evaluation, the distance between the gingival margin and the most apical portion of the junctional epithelium was measured. The CAL was evaluated as the distance between the cementoenamel junction and the most apical portion of the junctional epithelium. The periodontal diagnosis was established after oral evaluation and was classified as healthy (when <30% of the periodontal sites presented gingival bleeding), gingivitis (>30% of the periodontal sites presented gingival bleeding) or periodontitis (presence of four or more teeth with one or more sites presenting PD ≥4 mm and loss of clinical insertion ≥3 mm at the same site) 3 .
Serum estradiol and progesterone levels were estimated by chemiluminescence using Access Estradiol and Progesterone assays (Access Immunoassay Systems, Beckman Coulter, Inc. 250 S. Kraemer Blvd. Brea, CA, USA). For the nonpregnant women, samples were collected between the 7th and 13th days of the follicular phase of the menstrual cycle. For pregnant women, a blood aliquot was collected during the routine exams.
Subgingival microbiological collections were performed after clinical evaluation with the aid of an autoclaved No. 30 paper cone (Dentsply, Maillefer, Ballaigues, Switzerland). Intrasulcular microbial samples were collected from the mesiobuccal sites of teeth 11, 16, 26, 31, 36 and 46. In the absence of these elements, samples of the adjacent teeth were obtained. The paper cone was inserted into the most apical portion of the periodontal sulcus and held in place for 60 seconds 19 . Thereafter, paper cones from each individual were placed in individual Eppendorf minitubes (Bio-Rad ® , Hercules, CA, USA) and maintained at a temperature of −80 °C until processed.
Genomic DNA extraction was performed using a PureLinkTM Genomic DNA Purification Kit (Invitrogen, Carlsbad, CA, USA) following the manufacturer's instructions. Each clinical parameter was determined by two blinded and previously calibrated examiners according to the methodology described by Araujo et al. 21 . For the continuous variables (depth of probing), the SEM (standard error of the measurement) was used, and the Kappa test was used for the categorical variables (plaque and gingival indices). Thus, 10 tests were repeated within 30 days and submitted to analysis. The examiners were considered to be calibrated by SEM ≤ 0.8 and K > 0.8 and <0.95.
To meet the objectives of the study, in addition to performing basic exploratory analysis techniques, such as determining the mean, median, standard deviation, absolute and relative frequency, the Chi-square test was used to analyze the relationship between qualitative variables, and Tukey's multiple comparison was used to compare groups in pairs. To compare quantitative variables, Pearson's correlation was used. Finally, to compare means between qualitative covariates, we used the ANOVA test.
The hypothesis tests developed in this study considered a significance of 5%, and the null hypothesis was rejected when the p-value was less than or equal to 0.05. ethical approval. All procedures performed in studies involving human participants were in accordance with the ethical standards of the institutional and/or national research committee and with the 1964 Helsinki declaration and its later amendments or comparable ethical standards. The Ethics committee of the University of Cuiabá issued its approval for this study through opinion number n° 1.898.399. informed consent. Informed consent was obtained from all individual participants included in the study.
Results
The mean age of participants was 24.67 ± 1.26 years, with no difference between groups (p = 0.704). Regarding epidemiological data, including race, parity and socioeconomic class, the groups were homogeneous (Table 1) .
There was small variability in gestational age within each group of pregnant women. Only observed difference was in relation to the marital status, with a higher prevalence of patients with a partner in groups 2 and 3 (p = 0.047). It was observed that 91% of the investigated women belonged to classes D and E.
Regarding the periodontal clinical diagnosis, no significant difference was observed between the groups (p = 0.1035, Chi-square test), and no association was noted between clinical diagnosis and epidemiological data ( Table 2 ). Figure 1 shows percentual distribution of periodontal clinical diagnosis when all pregnant women combined were compared with nonpregnant.
No significant variation was observed in the clinical parameters of PD (p = 0.546), CAL (p = 0.099), PI (p = 0.074) and GI (p = 0.217) by the ANOVA test, even when we combine all pregnant in one group (see Supplementary Table S1 ).
To evaluate differences in the total amount of bacteria, the ANOVA test was used, and no significant difference was observed between the groups (p = 0.4336). In contrast, when the periodontopathogenic microorganisms of interest were individually quantified, the detection of Tf revealed significant differences, with p = 0.013 ( Table 3) .
The Tukey's multiple comparison test showed that there were differences in the quantification of Tf when comparing group 1 with groups 3 (p = 0.048) and 4 (p = 0.014). No significant difference was observed between groups 1 and 2 (p = 0.119). Figure 2 shows periodontopathogens mean counts, total and by species in different groups. Class C2 N (%) 0 (0) 2 (10) 2 (13) 1 (7) 5 (7) Class B2 N (%) 0 (0) 0 (0) 0 (0) 1 (7) www.nature.com/scientificreports www.nature.com/scientificreports/ When we grouped all the pregnant women, also can be noticed that the total amount of subgingival bacteria had an influence on clinical diagnosis (p = 0.006), as shown in Table 4 .
Comparing patients with healthy periodontal diagnoses, with those who clinically presented disease (gingivitis or periodontitis), it was shown that the mean amounts of total subgingival bacteria observed in latter categories were progressively larger. In Tukey's multiple comparison test, differences between healthy and gingivitis and healthy and periodontitis classifications were observed (p = 0.041 and 0.008, respectively).
In the specific quantification of periodontopathogenic bacteria, Aa, Pg and So showed no association with clinical diagnosis in any of the groups, but the amount of Tf positively correlated (p = 0.031) with the diagnosis of gingivitis among pregnant women (see Supplementary Table S2 ).
The relative frequency of periodontopathogenic bacteria studied was commonly higher than 50% in this population. Aa was present in all evaluated patients (100%) and Pg was present in more than half of the pregnant women in group 2 (52%). For Tf, detection rates among pregnant women were higher than 80%, reaching 88% in group 1, 81% in group 2, and 87% in group 3.
The levels of estradiol and progesterone were considerably lower in the control group compared to the other groups and reflected the progression of gestational age, increasing progressively from groups from 1 to 3. The ANOVA test did not show an association between serum estradiol and/or progesterone levels with clinical periodontal diagnosis or the total amount of bacteria. However, it was observed that in the first trimester, Pg was correlated with progesterone levels (p = 0.041), according to Table 5 .
Discussion
Our study population demonstrated homogeneity for age, parity, race and socioeconomic level, which made the comparisons between the 4 groups valid. Furthermore, the sample size was similar to those of other studies on the same subject 4, 6, [22] [23] [24] [25] [26] . With respect to age, the mean was 24.67 years old (±1.26), compatible with those reported in other studies 4, 6, 27, 28 . Patients identified as "high-risk pregnancies" were excluded, because several studies have linked periodontal disease with adverse obstetric outcomes [29] [30] [31] [32] [33] . Thus, avoiding those who presented conditions that could negatively influence gestation or who may already have modifications of subgingival flora (such diabetics, hypertensives, smokers and patients with an obstetric past) a selection bias was avoided.
As we did not have prior knowledge of the patient's periodontal status, it was possible to evaluate the flora of healthy women and those presenting gingivitis and periodontitis, in agreement with the works of Kornman and The periodontal diagnosis was established after oral evaluation and was classified as healthy (when < 30% of the periodontal sites presented gingival bleeding), gingivitis (>30% of the periodontal sites presented gingival bleeding) or periodontitis (presence of four or more teeth with one or more sites presenting PD ≥ 4 mm and loss of clinical insertion ≥ 3 mm at the same site). Table 3 . Periodontopathogens quantification, total and by species, in the different groups (ANOVA test, p < 0.05). a n/N: n = number of patients positive for each organism/N = number of patients in each group. www.nature.com/scientificreports www.nature.com/scientificreports/ Loesche, 1980 4 and Carrillo-de-Albornoz et al. 6 but differing from Usin et al. 28 , who chose to select patients who presented clinical signs of periodontal inflammation. This aspect allowed us to make a general evaluation that was not influenced by the presence of individuals with periodontal alterations, where the presence of more pathogenic microbiotas is assumed.
Regarding the technique adopted for bacterial quantification, our study has the advantage of having used qPCR, which allows for the identification and quantification of periodontopathogenic bacteria with greater sensitivity, differentiating our study from previous ones that used microbiological evaluations based on culture 4, 6 and conventional PCR methods 28 . To define the species of interest for this study, we have chosen agents that the current literature points out as being some of the most frequently related to development, progression and aggressiveness of periodontal disease. We verified that the selected bacteria are recurrent in several publications 7,28,31 , due to their clear involvement with the periodontal pathologies. Regarding the hormonal evaluation, we chose to assess the serum level dosage, since the crevicular fluid essentially represents a transudate of the plasma and presents very similar hormonal levels 34 .
Although several papers discuss pregnant periodontal status, we found that there were some gaps to be filled, in particular related to the rigor of periodontal examination. The use of four objectively measurable criteria for periodontal clinical evaluation (CAL, PD, PI and GI) differentiates this study from others. In previous 4, 6, 23, 35, 36 an evaluation of the CAL was not included. However, according to Armitage (2000) , cases of periodontitis need to be evaluated and stratified based on the loss of clinical insertion, since it is the parameter that has the highest specificity.
Regarding the periodontal clinical diagnosis, our investigation did not detect any variation between the groups ( Table 2 ). The clinical condition was particularly equitably distributed in groups 2 (health = 7, gingivitis = 7, periodontitis = 7) and 3 (health = 6, gingivitis = 5, periodontitis = 4). Periodontal health was similar between the four groups. The individual evaluation of the clinical parameters GI, PI, PD and CAL indicated a tendency for an increased CAL in group 3 (p 0.099) and the PI in group 1 (p 0.074), although these differences did not rise to the level of significance. It should be noted that although no association was observed between gestation and periodontal changes, the observed value of p = 0.1035 reinforces that eventually, a larger sample size would show a difference.
About clinical parameters of periodontal evaluation, Kornman and Loesche, 1980 4 describe a significant rise in GI between the first and second trimesters, with no change detected in the nonpregnant group during the study period. These authors reported that the PI remained unchanged throughout pregnancy and postpartum, and the same stability was observed in the different groups of the present study. However, in relation to GI, our findings are discordant, since no differences were observed among the 4 groups or when we regrouped the patients, classifying them as pregnant and nonpregnant (p = 0.124). Regarding this result, our data agree with the work of Jonson et al. 35 , who also did not observe significant variation during the progression of pregnancy or alterations in GI and PD when comparing pregnant and non-pregnant women.
Regarding the levels of the selected bacterial species of subgingival flora we observed that the literature reinforces the absence of significant changes during gestation, which is demonstrated in this study by the absence of observed differences among the groups in relation to the total bacterial quantification, which is in agreement with the previous studies of Löe and Silness 37 Cohen et al. 38 Kornman and Loesche 4 Tilakaratne et al. 39 and Novak et al. 40 . However, even with a similar bacterial level during different trimesters, many studies have reported increased gingivitis during the gestational period 4,6-8,10,23-25,41 , which was not observed in our study. This discrepancy may have been due to methodological differences and differences in clinical evaluation criteria.
Adriaens et al. 42 reported that subgingival levels of bacteria associated with periodontitis did not change during pregnancy, nor at 4 to 6 weeks postpartum. Out of the 37 species, only 17 presented quantitative reduction, when comparing the first trimester and the postpartum period. No change occurred between the 12th and 28th weeks of pregnancy and the quantification of Aa, Pg, Tf and T. denticola did not change.
Among pregnant women with periodontitis, Novak et al. 40 , did not observe qualitative differences for the seven periodontopathogenic microorganisms studied. However, the literature indicates that specific qualitative changes occur, such as an increase of Bacteroides melaninogenicus intermedius in the second trimester 4 , a greater proportion of Prevotella intermedia in the first trimester and of Pg and Aa in the third trimester 6 .
The results of our study are in accordance with those described above, since no variation was observed in relation to the total number of bacteria observed in the different groups (p = 0.4336). However, variation in specific species was detected. The quantification of Tf revealed a significant difference in the subgingival biofilm (p = 0.013). Group 1 presented a much higher mean than that observed in group 3, and there was a numerical decrease in this bacterium with the progression of gestation. It is possible that changes in Tf during pregnancy were not detected in studies that used microbial culture because it is an anaerobic bacterium and is difficult to culture 43 , which was overcome in this study with the use of qPCR. Regarding the observed difference between groups 1 and 4, our data confirm the findings of Carrillo-de-Albornoz et al. 6 , which had already demonstrated a sharp decrease in the detection of Tf when evaluating women three months after delivery.
The socioeconomic level did not correlate with the total bacterial count, possibly because we worked with a SUS user population with a very homogeneous socioeconomic level, in which 72 and 19% of the patients belonged to classes D and E, respectively, making up 91% of the sample. In this study, a divergence from the literature regarding the observed high prevalence of Tf and Aa in a population with no comorbidities. According to Aas et al. 44 , in general, it is not possible to detect species that are typically associated with periodontitis and caries, which was not confirmed in our study. Pg was present in more than half of the pregnant women in their second trimester (52%), over an 80% prevalence of Tf was observed in all pregnant women and Aa was present in all evaluated patients (100%).
We believe that the use of qPCR has promoted an increase in our ability to identify such bacteria, but it is also possible that when addressing a low socioeconomic population, there is a real, even if subclinical, impairment of their periodontal health. Because they are young patients, it is possible that there was not sufficient time for more exuberant periodontal manifestations to be present.
Based on the concept that the presence of bacterial biofilms is the primary factor in the development of gingivitis and periodontal disease 3 , in this study we observed that the total amount of subgingival bacteria positively correlated with an overall worsening of clinical diagnosis in pregnant women (p = 0.006). So, a higher load of periodontopathogenic microorganisms, capable of supplanting host protection mechanisms, leads to the onset and progression of the disease. In addition, we noticed an association between the Tf count and the occurrence of gingivitis among pregnant women when considered together (p = 0.031).
We didn't identify relation with the hormones levels but there are others hypothesis to explain greater total microbial level in pregnant women. Oral hygiene may be affected by typical nausea and vomiting of early pregnancy leading to bacteria accumulation and maybe gestational immunological adaption leads to reduction of protect factors, allowing an increase in bacteria total amount when compare with non-pregnant women.
Regarding the evaluation of hormonal levels, the observed dosage was justified due to the presence of receptors for the sex steroids in the gingival tissues. During gestation, the effects of elevated estrogens and progesterone on the gingival vasculature could explain an increased occurrence of edema, erythema, increased crevicular fluid, and bleeding. High levels of steroids are associated with increased vascular permeability in the gingival sulcus and possibly explain the exacerbation of crevicular fluid secretion in this situation 10, 11 .
It is important to note that variations in the levels of sex steroids occur during and outside of the gestational period, and it is important that nonpregnant patients were always evaluated at the same stage of the menstrual cycle, in follicular phase, between the 7th and 13th days of the cycle in this study. The luteal phase has already been studied 4,6 but we chose to evaluate the patients in the control group during the follicular phase of the menstrual cycle, since it exhibits a greater contrast in relation to the gestational period, especially due to the minimal influence of progesterone in this phase of the cycle.
Hugoson 11 reported that the signs of gingivitis begin to manifest in the second month of gestation, worsening until the 8th month, with later regression occurring after the birth and was thus correlated with the hormonal levels. This pattern of behavior did not occur in this study, and we questioned the possibility that when we included the CAL in the clinical evaluation if some of the patients previously considered to have gingivitis were reclassified with the diagnosis of periodontitis, which may have caused the disagreement. After the statistical evaluation of the data, we did not detect an association between serum estradiol and/or progesterone levels with a clinical periodontal diagnosis or with the total amount of bacteria among the groups.
In the qualitative evaluation, Pg was observed to correlate with progesterone levels in group 1 (p = 0.041), which was also observed by Carrillo-de-Albornoz et al. 6 . It is believed that Pg favors a sudden elevation of progesterone levels in the first trimester of gestation 4 , using it with growth factor to replace vitamin K. The nonpersistence of this correlation during the second and third trimesters suggests saturation of metabolic pathways is involved. Similar behavior has been described for another periodontopathogenic bacillus by Carrillo-de-Albornoz et al. 5 and Kornman and Loesche 4 who observed positive correlations between sex steroid levels and presence of Prevotella intermedia, Bacteroides melaninogenicus ss. and Fusobacterium nucleatum, but these periodontopathogenic bacteria were not evaluated in our research. We identified a tendency for a positive correlation between bacterial quantification and estradiol level in group 2 (p = 0.093), but without reaching significance.
Quantitative differences were observed for Tf during gestation when comparing groups 1 and 3, but the higher prevalence of Tf among pregnant women from group 1 did not show a positive or negative correlation with hormonal levels, suggesting that their variation was not influenced by the studied steroids.
conclusions
In this study, the periodontal clinical diagnosis was positively correlated with the quantification of the subgingival microbiota during gestation. In the qualitative evaluation of the periodontopathogenic bacteria, we observed that Tanerella forsithya was more frequently observed among first-trimester pregnant women when compared to those in the third-trimester and nonpregnant women, with a decrease in their abundance observed during pregnancy. This periodontopathogenic bacterium, in turn, was associated with an increase in cases of gingivitis among pregnant women.
There was a positive correlation between serum progesterone levels and the presence of Pg, but no hormonal influence or epidemiological variables were identified for clinical diagnosis and total bacterial count. A high prevalence of known pathogenic bacteria was observed in this population of young women, without major current impairment of their clinical conditions, suggesting that preventive actions could prevent a future deterioration of their periodontal status.
